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INTERSPECIFIC COMPETITION AND NICHE PARTITIONING:
EXAMPLE OF A NEOTROPICAL RAINFOREST BAT COMMUNITY
Marguerite DELAVAL1, Mickaël HENRY1 & Pierre CHARLES-DOMINIQUE2
RÉSUMÉ. — Compétition interspéciﬁque et séparation des niches : l’exemple d’un peuplement de
chauves-souris d’une forêt tropicale humide.— Aﬁn de comprendre l’organisation des communautés de
chauves-souris ainsi que la coexistence de nombreuses espèces sympatriques, il est essentiel de détermi-
ner comment les espèces utilisent et se partagent les ressources. Dans un premier temps, nous décrivons
un peuplement de chauves-souris en forêt primaire de Guyane Française. Les facteurs locaux tels que la
présence de gîtes particuliers comme les grottes, ou l’absence de perturbation anthropique ont une
inﬂuence sur la structure et la composition des communautés. Au cours de cette étude, nous nous som-
mes concentrés sur les trois espèces les plus communes de chaque guilde végétarienne (frugivores de
sous-bois, frugivores de canopée et nectarivores). Leur coexistence est possible grâce au partage des
ressources alimentaires, de l’espace et/ou du temps. Au sein d’une même guilde, les plus petites espèces
ont une bonne manoeuvrabilité et semblent occuper davantage les espaces fermés, moins attractifs pour
leurs compétiteurs. Elles ont aussi un domaine vital plus petit que les grandes espèces. De même, le
décalage des rythmes d’activités que nous avons observé, peut réduire la compétition entre les chauves-
souris frugivores en diminuant les interférences directes lors de l’alimentation. En plus d’un intérêt pour
l’écologie des communautés, cette étude décrivant des peuplements de chiroptères dans une forêt pri-
maire intacte, peut servir de référence en biologie de conservation.
SUMMARY. — To understand the organization of a bat community and the coexistence of sympa-
tric species, it is essential to understand how species use and share common resources. First, we des-
cribe a bat community in a primary rainforest of French Guiana. The presence of particular roosting
sites, such as caves, and the absence of disturbances are important local factors in structuring communi-
ties. In the course of this study, we focused on the three most common species of three vegetarian bat
guilds (understorey frugivores, canopy frugivores and nectarivores). The local coexistence of these spe-
cies is possible thanks to space, food and/or time partitioning. Space partitioning is consistent with the
hypothesis that smaller bats with a more manoeuvrable ﬂight tend to occupy more cluttered space less
attractive to their competitors and have smaller home range. We observed a time partitioning that is
likely to reduce competition among some frugivorous bat species by reducing direct interference during
foraging. Besides an interest for the ﬁeld community ecology, this study of a community living in a pri-
mary forest can be used as a reference for non disturbed habitat for conservation purposes. 
Bats are of paramount importance in Neotropical rainforest ecosystems because of
their abundance, diversity and ecological roles. Bats account for 50% of the Neotropical
mammal species and constitute the most important order of mammals in Neotropical rain-
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forest (Emmons & Feer, 1990). About 70 bat species may coexist in a given forest site in
French Guiana, corresponding to as many species as all other mammal species (Simmons &
Voss 1998; Brosset et al., 2001). Bats pollinate many plants and contribute to forest rege-
neration by dispersing seeds (Gardner, 1977; Heithaus, 1982; De Foresta et al., 1984; Char-
les-Dominique, 1995). Zoochory is particularly widespread within pioneer plants and
nearly half of the most abundant species are bat dispersed (Charles-Dominique, 1986). The
development of flight, as well as numerous morphological and sensory adaptations such as
the sophisticated echolocation system, give access to bats of a wide range of habitats and
exploit a great variety of food resources. For instance, diet of tropical bats is unequalled in
variety compared to other mammals since it ranges from fruits, pollen, nectar, and leaves to
small vertebrates, blood, and insects (Kalko, 1997). 
Factors determining species composition of a bat community in a given region are
poorly known. Spatial heterogeneity has long been recognized as an important factor pro-
moting diversity of animals and plants, especially in species-rich tropical lowland forest
(Kalko & Handley, 2001). Local factors, such as food and shelter availability, and the
degree of disturbance, may also be strong pressures for determining species composition
(Bonaccorso, 1979; Fenton et al., 1992). However, some studies (Willig & Moulton, 1989;
Arita, 1997) indicate that historical factors of colonization are also important in determining
the structure of bat faunas.
It is usually admitted that in order to coexist, two sympatric species should differ to a
certain degree in their ecological niches. Niche differentiation has long been interpreted in
terms of partitioning of food resource, e.g. foraging strategies and diet composition
(McNab, 1971). However, it has been shown in several recent studies that differentiation
may also include spatial segregation in habitat use and roost site selection (Marshall, 1983;
Marinho-Filho & Sazima, 1989; Marinho-Filho, 1991; Saunders & Barclay, 1992; Kalko,
1995; Kalko et al., 1996b).
Studies of bat community structure are often limited to disturbed habitats (Reis &
Peracchi, 1987; Simmons & Voss, 1998; Bernard, 2001; Estrada & Coates-Estrada, 2001;
Bernard & Fenton, 2002). Our study concerns a bat community in a primary rainforest in
French Guiana and thus can be used as a reference for non disturbed habitat. A better
understanding of mechanisms, such as space, time and food partitioning, which determine
the coexistence of many sympatric species, has profound implications, not only for the field
of community ecology but also for conservation biology. This is especially important in tro-
pical forest ecosystems increasingly threatened by habitat alteration, fragmentation and
deforestation.
The objectives of this study are (i) to describe the composition and organization of a
Neotropical primary rainforest bat community and illustrate how its guilds share habitats,
(ii) to investigate the components of partitioning at intra-guild level in terms of space, time
and food resources, by focusing on frugivorous and nectarivorous bats.
MATERIAL AND METHODS
STUDY SITE
The study was carried out at the Nouragues biological station in the centre north of French Guiana (4˚50’ N,
52˚42’ W). This study area, in the middle of the Nouragues natural reserve, is included in a large block of dense
continuous tropical primary rainforest where human interference has been absent or negligible over the past two
centuries (Brosset et al., 2001). The ﬁrst roads and human settlements are at about 25 km from the station which is only
accessible by helicopter. The average annual temperature is 26.3˚C and the average annual rainfall ranges from 2,500 to
3,200 mm, with a marked dry season from August to November.
Caesalpiniaceae, Sapotaceae and Lecythidaceae families dominate the local canopy tree community, with a great
abundance of Eperua falcata for Caesalpiniaceae (Poncy et al., 2001). The primary forest is more precisely a mosaic of
plant community units varying in structure and composition (Aubréville, 1938; Oldeman, 1990; Riéra, 1998).
Basically, the mature forest can be divided into two subsets according to canopy height (Poncy et al., 2001). The
dominant forest type is characterized by 30-35 m high trees with emergent trees reaching more than 50 m and a fairly
open understorey. This forest matrix encloses patches of liana forest (10-25 m high) characterized by a very dense
understorey and mainly composed of trees overloaded by liana stems. Liana forest forms a ca. 30 ha block surrounded
by several coalescent patches which overlap the southern part of the study area. 
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BAT SAMPLING PROTOCOL AND DETERMINATION OF DIET
Bat assemblages were sampled in four different habitats: high forest (HF) corresponding at the more stratiﬁed
habitat; liana forest (LF) an habitat with a lot of tree falls; creek corridors (CC) (above a 5-10 m wide creek going
through the study area) and edges of forest clearing (EC) (along the border of the 1.5 ha clearing were the actual camp
was built) which are both open habitat. The borders of the camp are colonized by pioneer vegetation. All bat surveys
were carried out in the 1.3 × 1.1 km quadrat delimited by a network of small trails surrounding the camp. Captures
sessions were conducted during three dry seasons (October-December 2000, July-October 2001 and July-September
2002) and one wet season (February-May 2001). Bats were captured at understorey level using mist nets (10 × 2 m or
12 × 2 m, mesh size 16 mm) in the four above-mentioned habitats. Each station was sampled during two consecutive
nights before nets were removed. Four nets were also set at sub-canopy, between 8 and 10 m, and four others in canopy,
between 15 and 20 m, in the edge of the camp (EC habitat) by the mean of vertical ropes. 
For each captured individual, we recorded the netting station and time of capture, the species and sex and we
measured body weight (± 0.25 g) and forearm length (±0.05 mm). Females were indexed as non reproductive,
pregnant, or lactating, according to palpation of abdomen and aspect of nipples (Anthony, 1988; Racey, 1988).
Taxonomic nomenclature of bats followed Charles-Dominique et al. (2001). After identiﬁcation, frugivorous and
nectarivorous bats were ringed with numbered plastic wing-bands (rings A.C. Hugues England). Each individual was
kept in a cloth bag at least one hour before being released. The faecal material remaining in bags was preserved in
alcohol in order to later (i) identify the seeds and pollen it might contain and (ii) check for the presence of arthropod
fragments. Furthermore, additional pollen grains were collected on the snout of nectarivorous bats by dabbing the fur
with the sticky surface of a transparent tape ﬁxed beforehand on a microscope slide. Some faeces contained only
vegetal fragment (with no seed, pollen nor insects fragments) which was likely to correspond to the pulp of big fruits
(with big seeds), or to nectar, for frugivores or nectarivorous bat faeces respectively. 
Seed identiﬁcation was based on external criteria such as size, shape, colour, surface texture, etc. Identiﬁcation
was facilitated by comparing seeds with a seed reference collection (Muséum National d’Histoire Naturelle, laboratoire
d’Ecologie Générale, Brunoy, France). Seeds were identiﬁed either to species or to genus/family level when
morphological variations between species or genera were too subtle. Unknown seeds were classiﬁed in different
morphospecies. Pollen grains collected on snouts and faecal samples were cleaned by acetolysis and identiﬁed by M.P.
Ledru by comparison with a reference  collection (Université de Montpellier 2, France).
DATA ANALYSES
Structure and composition of community
Capture effort was expressed in meters of net-hour (mnh). Capture rate (number of captures/mnh) was used
hereafter as an index of abundance. 
One of the most informative graphical representations of community structures is the species accumulation curve
(curve representing the cumulative number of reported species as a function of the total number of captured
individuals). Species richness can be estimated through mathematical extrapolation of such cumulative curves. In
addition, these curves give some useful parameters such as the community diversity (slope of the curve) or
completeness of sampling protocol (Moreno & Halffter, 2000, 2001; Willott, 2001). Cumulative curves were smoothed
by the mean of 100 random reorganisations of capture orders (Estimates Software, Colwell, 1997), and ﬁtted with the
Clench model (Moreno & Halffter, 2000). This model assumes that the probability of adding new species to the list
decreases with the number of species already recorded, but increases over time: S(t) = at/(1 + bt) where t is a measure
of capture effort (in our case the number of individuals), S(t) is the predicted number of species at t, a represents the
rate of increase at the beginning of the sampling, and b is the species accumulation. Maximal species richness is given
by the predicted asymptotic value a/b.
To describe the composition of the bat community and its spatial structuration across the landscape, we performed
a correspondence analysis (Statbox Pro 5.0). This analysis relates species to their habitats. For that purpose, data were
transformed using refocusing (mean ﬁxed to 20) and reweighting (variance ﬁxed to 1), and variables were doubled in
higher and lower values according to Ponge & Delhaye (1995). Bat species deﬁned by their capture rate were taken as
main or active variables. Habitat, vertical level, bat species richness and abundance were taken as additional, i.e.
passive variables. 
Space, time and food partitioning among vegetarian bats
In the following analyses, we focused on vegetarian bats. Each captured species was assigned a guild according to
our observations and to information available in the literature (Bonaccorso, 1979; Brosset & Charles-Dominique, 1990;
Cosson, 1994; Kalko, 1995; Simmons & Voss, 1998; Brosset et al., 2001). We laid emphasis on the three guilds
characterized by partially or totally vegetarian food habits: (1) canopy frugivores, which forage mostly on fruits that
grow in the trees of the canopy and sub-canopy level of forests, (2) understorey frugivores which forage mostly on
fruits of shrubby understorey plants, (3) nectarivores which consume nectar and/or pollen. 
Capture rates were computed for each species/habitat combination, in order to determine habitat preferences of
the most common species. As a complementary approach, re-capture rates were compared between species. High
recapture rates indicated sedentary habits over the study area. Lower recapture rates described species exploiting a
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larger home range and/or changing foraging site more frequently (Fleming et al., 1972; Heithaus et al., 1975; Laval &
Fitch, 1977; Pedro & Taddei, 1997). 
After analysing spatial variations, we checked for possible interspeciﬁc differences of activity time budget.
Captures were grouped per species and per 1-hour period after dusk in order to construct actograms describing the
mean activity pattern of the most common species for the ﬁrst half of the night. 
Finally, we tackled the food partitioning question by computing diet breadth (sensu Colwell & Futuyma, 1971)
and diet overlap (sensu Pianka, 1973) among vegetarian bat species. Calculation of these parameters was based on the
occurrence of seeds, pollen or both items in faecal samples. When bats consume a big fruit (with big seed) or nectar,
only vegetal matter is found in faeces. As a consequence, overlap and breath were only calculated on consumption of
little fruit (with little seeds) or pollen. Pollen grains removed from snouts were indexed as independent items only if
different from faecal pollen grains. For clarity reasons, we will not distinguish snout pollen grains from faecal grains in
the following text. Calculations of niche breadth/overlap based on less than 10 items per species were disregarded.
RESULTS
SPECIES RICHNESS
For a total capture effort of 322.3 × 103 mnh, we captured 2,063 individuals that were
distributed over 63 species, 32 genera, and 9 families (Table I). Phyllostomidae was the
most abundant family in species number (46 species) and in individuals (88% of captures).
According to species accumulation curves (Fig. 1), species richness was estimated to
a total of 67 species, including 55 species foraging in the understorey among which 26 were
vegetarian. The estimated completeness of our bat survey was always higher than 94%.
At ground level, the 10 most frequently captured species (more than 30 captures for
each species) were nine Phyllostomidae (3 Glossophaginae, 2 Carollinae, 3 Stenodermatinae,
1 Phyllostominae) and one Mormoopidae. They accounted for 81.7% of all captures. In
term of guild, nectarivores were largely dominant, followed respectively by canopy frugi-
vores, understorey frugivores and animalivorous bats (Table I).
HABITAT PARTITIONING
The first axis constituted by the correspondence analysis represented the vertical fora-
ging gradient while the second axis described forest structure complexity, increasing from
creek corridors (open habitat) to high forest (stratified forest) (Fig. 2). Bat species richness
gradient fitted axis 1 while the capture rate gradient followed axis 2. Species richness
Figure 1.— Smoothed average curves produced by 100 random reorderings and estimation of species richness by
extrapolation using clench model (dotted lines).
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TABLE I
Bat species captured in primary forest at the Nouragues station (French Guiana). The
total number of captures is indicated for each understorey habitat (HF: high forest, LF:
liana forest, EC: edge of forest clearing, CC: creek corridor, and C: canopy). The mean
forearm length and mean weight are also indicated, along with the most abundant item in
the diet of vegetarian species (P: pollen, F: fruit)
Code 
of 
species
Guild
a
HF LF EC CC C Total Mean 
forearm 
length 
(mm)± SE
Body mass
(g) ± SE
Most abundant 
vegetal item
Glossophaginae
Lionycteris spurrelli LISP N 284 28 2 7 8 329 35.2 ± 1.9   8.6 ± 1.2 Eperua falcata 
(P)
Lonchophylla 
thomasi
LOTH N 118 70 2 1 191 32.1 ± 2.7   6.6 ± 0.7 Eperua falcata 
(P)
Anoura geoffroyi ANGE N 141 4 2 10 157 42.5 ± 1.5 14.7 ± 1.7 Eperua falcata 
(P)
Choeroniscus minor CHMI N 2 2 33.3 ± 0.3   7.8 ± 0.8 Eperua falcata 
(P)
Carolliinae
Rhinophylla pumilio RHPU UF 95 13 38 4 4 154 33.4 ± 0.9   8.5 ± 1.6 Philodendron 
spp. (F)
Carollia 
perspicillata
CAPE UF 48 19 27 1 1 96 41.3 ± 1.4 15.5 ± 1.9 Piper spp., 
Solanum spp. (F)
Carollia brevicauda CABR UF 8 9 4 21 36.2 ± 0.8 11.4 ± 1.5 Piper spp., 
Solanum spp. (F)
Stenodermatinae
Artibeus 
jamaicensis
ARJA CF 87 6 1 42 32 168 67.8 ± 2.4 57.0 ± 7.8 Cecropia obtusa 
(F)
Artibeus obscurus AROB CF 87 9 23 1 28 148 60.8 ± 3.1 36.3 ± 4.7 Cecropia obtusa 
(F)
Artibeus lituratus ARLI CF 18 6 1 7 15 47 71.6 ± 2.4 67.4 ± 5.5 Cecropia obtusa 
(F)
Chiroderma 
villosum
CHVI CF 2 1 44 47 46.1 ± 1.4 22.5 ± 3.4 Ficus spp. (F)
Chiroderma 
trinitatum
CHTR CF 2 1 33 36 39.1 ± 1.1 14.2 ± 3.8 Ficus spp. (F)
Platyrrhinus helleri PLHE CF 6 7 1 1 21 36 38.3 ± 1.3 13.4 ± 1.8 Cecropia obtusa 
(F)
Artibeus gnomus ARGN CF 10 5 3 1 10 29 37.4 ± 1.2   9.9 ± 2.1 Ficus spp. (F)
Ectophylla 
macconnelli
ECMA CF 17 11 28 31.4 ± 1.0   7.3 ± 1.0 Ficus spp. (F)
Ametrida centurio AMCE CF 20 20 30.6 ± 2.8   9.9 ± 1.5 Eperua falcata 
(P)
Artibeus concolor ARCO CF 3 2 10 15 47.9 ± 1.8 18.7 ± 2.1 Eperua falcata 
(P)
Uroderma 
bilobatum
URBI CF 7 3 10 43.3 ± 1.4 17.4 ± 1.6
Vampyressa brocki VABR CF 1 8 9 33.1 ± 0.7 10.0 ± 1.3
Sturnira tildae STTI UF 2 4 9 3 1 19 46.6 ± 1.4 22.2 ± 2.8 Philodendron 
spp.,C. obtusa 
(F)
Phylloderma 
stenops
PHST UF 6 2 8 69.0 ± 2.2 40.1 ± 1.5
Vampyrodes 
caraccioli
VACA UF 1 1 58.4 46.0
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Code 
of 
species
Guild
a
HF LF EC CC C Total Mean 
forearm 
length 
(mm)± SE
Body mass
(g) ± SE
Most abundant 
vegetal item
Phyllostominae
Tonatia silvicola TOSI GI 28 8 2 38 59.2 ± 2.1 35.0 ± 5.0
Mimon crenulatum MICR GI 26 1 1 1 29 47.2 ± 1.5 11.2 ± 1.6
Tonatia saurophila TOSA GI 25 1 26 56.3 ± 1.3 24.8 ± 2.3
Micronycteris 
schmidtorum
MISC GI 13 3 1 17 34.7 ± 0.8   5.5 ± 0.3
Lonchorhina 
inusitata
LOIN GI 7 3 1 2 13 53.5 ± 1.9 16.8 ± 2.6
Micronycteris 
microtis
MIMC GI 5 2 7 33.3 ± 0.8   5.3 ± 0.3
Micronycteris 
hirsuta
MIHI GI 5 1 1 7 44.0 ± 1.0 12.8 ± 3.1
Mimon bennetti MIBE GI 5 1 6 52.1 ± 1.6 20.1 ± 2.6
Micronycteris 
megalotis
MIME GI 2 1 3 33.1 ± 1.3   5.3 ± 0.3
Tonatia schulzi TOSC GI 3 3 43.3 ± 0.8 17.2 ± 0.2
Micronycteris 
minuta
MIMI GI 2 2 35.3 ± 1.4   5.2 ± 0.1
Glyphonycteris 
daviesi
GLDA GI 1 1 2 53.3 ± 1.4 17.8 ± 1.7
Micronycteris 
brosseti
MIBR GI 1 1 34.7   6.3
Tonatia brasiliense TOBR GI 1 1 34.6   8.7
Phyllostomus 
elongatus
PHEL IN 11 2 3 16 66.4 ± 1.7 36.9 ± 4.3 Eperua falcata 
(P)
Phyllostomus 
latifolius
PHLA IN 13 13 58.6 ± 1.1 27.7 ± 2.8 Eperua falcata 
(P)
Phyllostomus 
discolor
PHDI IN 11 11 60.7 ± 1.9 34.1 ± 2.6 Eperua falcata 
(P)
Trinycteris nicefori TRNI IN 10 10 37.8 ± 0.9   8.2 ± 0.7 Eperua falcata 
(P)
Phyllostomus 
hastatus
PHHA IN 7 1 8 83.5 ± 2.2 79.8 ± 5.1 Eperua falcata 
(P)
Glyphonycteris 
sylvestris
GLSY IN 3 1 4 38.6 ± 0.7   7.5 ± 0.5 Eperua falcata 
(P)
Trachops cirrhosus TRCI C 8 1 2 11 63.2 ± 1.4 36.3 ± 4.3
Chrotopterus 
auritus
CHAU C 1 1 2 80.0 ± 4.3 61.8
Vampyrum spectrum VASP C 1 1 102.7
Desmodontinae
Desmodus rotundus DERO H 8 1 1 10 57.0 ± 2.7 25.9 ± 1.9
Emballonuridae
Cormura 
brevirostris
COBR AI 2 1 7 10 46.6 ± 1.0   8.4 ± 1.3
Saccopteryx 
bilineata
SABI AI 2 5 7 47.0 ± 1.7   7.6 ± 1.0
Saccopteryx leptura SALE AI 2 5 7 38.3 ± 1.4   5.1 ± 0.6
Peropteryx macrotis PEMA AI 2 2 43.6 ± 3.4   5.5 ± 2.1
Peropteryx kappleri PEKA AI 1 1 51.2 9.4
Mormoopidae
—  155  — 
increased from canopy to ground level and capture rate was higher in open habitat (creek
corridors and edge of forest clearing) than in stratified forests (high forest and liana forest). 
Aerial insectivores (Molossidae and Emballonuridae) were associated with sub-canopy
and canopy levels whereas gleaning insectivores (Phyllostominae) tended to be associated
with forest understorey (Fig. 2). Considering ground level capture, most of the guilds were
obviously associated with one or two particular habitats (Fig. 3). Dependence between
guilds and habitats was significant (Chi-square test of independence, χ2 = 346; df = 18;
P < 0.001). 
In addition, canopy frugivores and understorey frugivores preferred creek corridors
and forest edge respectively. Nectarivores, on the contrary, were ubiquitous in forest inte-
rior and avoided open habitats. However, a notable interspecific variation of foraging habi-
tat exists within guilds (Figs.  4a to 4c). Large canopy frugivores were found to more fre-
quently forage either in open habitat, such as Artibeus jamaicensis (ARJA) or Artibeus
lituratus (ARLI), or in the stratified forest, such as Artibeus obscurus (AROB) (Fig. 2). In
fact, it exists a strong spatial partitioning between A. obscurus on the one hand, that prefer-
red edges and high forest understorey, and on the other hand A. jamaicensis and A. lituratus
that were abundant over creek corridors (Fig. 4a).
Understorey frugivores Carollia brevicauda (CABR), Carollia perspicillata (CAPE)
and Rhinophylla pumilio (RHPU) appeared to forage in different habitat types, respectively
Code 
of 
species
Guild
a
HF LF EC CC C Total Mean 
forearm 
length 
(mm)± SE
Body mass
(g) ± SE
Most abundant 
vegetal item
Pteronotus parnellii PTPA AI 153 27 3 2 185 61.6 ± 3.0 22.2 ± 4.1
Thyropteridae
Thyroptera tricolor THTR AI 2 2 35.7 ± 1.7   3.9 ± 0.7
Furipteridae
Furipterus horrens FUHO AI 1 1 34.5 3.9
Molossidae
Molossus rufus MORU AI 12 12 50.8 ± 1.4 33.8 ± 8.5
Molossops abrasus MOAB AI 3 3 43.9 ± 2.3 26.4 ± 2.1
Eumops 
auripendulus
EUAU AI 2 2 59.2 ± 1.7 29.7 ± 0.6
Eumops hansae EUHA AI 2 2 38.8 ± 0.8 14.1 ± 0.8
Nyctinomops 
laticaudatus
NYLA AI 2 2 43.7 ± 2.5 11.7 ± 0.4
Molossops paranus MOPA AI 1 1 32.5
Vespertillionidae
Myotis riparius MYRI IA 3 1 2 6 35.9 ± 1.3   5.5 ± 1.0
Eptesicus 
chiriquinus
EPCH IA 1 2 3 47.4 ± 0.7 11.1 ± 0.9
Myotis nigricans MYNI IA 1 1 33.2 ± 0.3 3.7
Nb. of captures 1 294 234 133 79 323 2 063
Nb. of species 48 26 25 17 37 63
Effort (net-hour 10-3) 116.2 33.8 15.7 2.8 153.8 322.3
a  Guilds are as following: CF is canopy frugivore, GF is understorey frugivore, N is nectarivore, IN is
insectivore-nectarivore, GI is gleaning insectivore, AI is aerial insectivore, H is hematophage and C is carnivore.
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Figure 2.— Correspondence analysis separating species according to their habitat preferences. Diagrams
represent the relative disposition of open space (dashed zones) and understorey, sub-canopy and canopy strata
(superposed, sensu Oldeman, 1990) within each of the four sampled habitats (HF: high forest, LF: liana forest,
CC: creek corridors, EC: edge of forest clearing). Species abbreviations correspond to the two ﬁrst letters of
genus and species names (see Table I), and the most common species of vegetarian bat guilds are shown in
bold. Symbols left to species abbreviations indicate the guild to which the species belongs: • canopy frugivores;
* understorey frugivores; ▲ nectarivores; - aerial insectivores and none symbol for gleaner animalivores.
Understorey frugivores
Figure 3.— Repartition among guilds in different habitats of a tropical rainforest. 
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Figure 4.— Mist-net capture rates (number of captures per meters of net-hour 10-4) in the four surveyed
habitats. Results are presented by species (most common species only) for three guilds (a: canopy frugivores; b:
understorey frugivores and c: nectarivores). 
—  158  — 
liana forest and open habitat (Fig. 2). Among the understorey frugivores, both
C. perspicillata and R. pumilio favoured forest edge, but R. pumilio also exploited creek
corridors (Fig. 4b).
From the correspondence analysis, we could infer that the nectarivorous species
Anoura geoffroyi (ANGE), Lionycteris spurrelli (LISP) and Lonchophylla thomasi (LOTH)
foraged mainly in the understorey of stratified forest (Fig. 2). However, L  thomasi appea-
red to prefer liana forest (Fig. 4c).
Recapture probabilities also varied among species of the same guild (Table II). Lon-
chophylla thomasi and Artibeus obscurus individuals were significantly (or nearly) more
often recaptured than the other common species of their respective guilds. Three understo-
rey frugivores (Carollia perspicillata, Carollia brevicauda and Rhinophylla pumilio) had a
high capture rate. 
TIME PARTITIONING
Most species exhibited a similar activity pattern during the first half of the night: a first
peak during the first two hours after sunset, between 18:30 and 20:30 and a second although
less-pronounced peak between 22:00 and 23:00. 
The three largest canopy frugivorous species showed activity peaks at different times
of the night (Fig. 5a). The activity pattern of Carollia brevicauda strikingly contrasted with
that of the other two Carollinae understorey frugivores, with peaks coinciding with the
slowdown periods observed for Carollia perspicillata and Rhinophylla pumilio (Fig. 5b).
TABLE II
Results of χ2 tests (χ2 value and probability P) comparing the proportion of recaptures to
the total number of captures for each vegetarian species. Recapture rates are indicated in
parentheses for each species. Abbreviations correspond to the first two letters of genus and
species names (see Table I)
Canopy frugivores Understorey frugivores Nectarivores
ARLI 
(6.8)
ARJA 
(1.9)
AROB 
(21.6)
CAPE 
(22.1)
CABR 
(35.7)
RHPU 
(30.3)
LISP 
(4.9)
LOTH 
(23.8)
ANGE 
(7.7)
ARJA 2.7
P > 0.05
AROB 3.6
P ≥ 0.05
22.9
P < 0.001
CAPE 3.4
P > 0.05
21.5
P < 0.001
0.003
P > 0.05
CABR 5.1
P < 0.05
24.4
P < 0.001
0.8
P > 0.05
0.7
P > 0.05
RHPU 6.5
P < 0.05
33.6
P < 0.001
1.3
P > 0.05
0.8
P > 0.05
0.01
P > 0.05
LISP 0.3
P > 0.05
  2.4
P > 0.05
21
P < 0.001
17.3
P < 0.001
15.2
P < 0.001
36.7
P < 0.001
LOTH 4.4
P < 0.05
26.3
P < 0.001
0.1
P > 0.05
0.05
P > 0.05
0.5
P > 0.05
  0.7
P > 0.05
26.5
P < 0.001
ANGE 0.03
P > 0.05
  5.2
P < 0.05
7.2
P < 0.05
6.2
P < 0.05
7.2
P < 0.05
14.1
P < 0.001
  1.2
P > 0.05
9.3
P < 0 .005
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By contrast, nectarivores had an activity mainly concentrated around the first peak
(Fig. 5c).
Figure 5.— Capture rates (capture per 10-5 mnh) of three most common species of canopy frugivores (a),
 understorey frugivores (b) and nectarivores (c). Captures rates are indicated every hour after sunset.
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FOOD PARTITIONING
A total of 787 faecal samples were collected. Seeds, pollen and insect fragments were
found in respectively 33, 31 and 21% of the faeces. A total of 31% faeces contained only
vegetal fragments, probably corresponding to the pulp of large fruits or nectar. Seeds and
pollens were classified into 60 and 37 taxa or morphospecies respectively. 
Faeces contained mostly seeds of Cecropia obtusa, Philodendron spp. and Ficus spp.
seeds (in 39, 13, and 13% of seeds samples respectively). Pollen species were dominated by
Eperua falcata (41%). The other two most frequently encountered species were Caryocar
spp. and Inga cayenensis (in 5 and 4% of pollen samples respectively). More detailed results
on diet of vegetarian bats are given in Table I. 
Estimations of niche breadth and overlap values were obtained for 13 species
(Table III). The three most frequent canopy frugivores (Artibeus jamaicensis, Artibeus litu-
ratus, and Artibeus obscurus) exploited poorly diversified plant resources (mainly Cecropia
obtusa and Ficus spp.), resulting in relatively low niche breadth values (0.24 to 0.60) and
fairly high niche overlap values (0.88 to 0.98). Similarly, the 3 commonest nectarivores
showed both high niche breadth values (0.82 to 1.09) and high overlap values (0.82 to 0.88).
Conversely, the three most abundant understorey frugivores (Carollia brevicauda, Carollia
perspicillata, and Rhinophylla pumilio), fed on a variety of shrub fruits (Solanum spp.,
Piper spp.) and epiphytes (15 species of Cyclanthaceae and Araceae) and expressed high
niche breadth values (0.93 to 1.29) and low niche overlap values (lower than 0.26). Despite
the fact that bats were specialized on one type of food, understorey frugivores appeared
more generalist than canopy frugivores. Mean niche overlap was lower for fruit resources
than flower resources (0.31 and 0.83 respectively) (Table III). 
TABLE III
Niche breadth and niche overlap values based on the occurrence of seeds and pollen in the
faeces of bats from Nouragues, French Guiana. Niche overlap values were calculated either
with seeds only (in italics), pollen only (in bold) or both seeds and pollen when the number
of items was greater than 10. Niche breadth values are indicated for each species. Abbre-
viations correspond to the ﬁrst two letters of genus and species names (see Table I)
Canopy frugivores Understorey frugivores Nectarivores
AMCE ARCO ARJA ARLI AROB PLHE CABR CAPE RHPU STTI LISP LOTH ANGE
0.132 0.373 0.644 0.389 0.392 0 1.021 1.324 1.258 0.641 1.089 0.09 0.956
AMCE 0.907 0.015 0.078 0.092 0 0.266 0.654 0.514 0.132 0.841 0.745 0.924
ARCO 0.351 0.444 0.47 0.39 0.348 0.639 0.513 0.431 0.841 0.729 0.861
ARJA 0.888 0.882 0.88 0.236 0.059 0.016 0.701 0.051 0.018 0.006
ARLI 0.893 0.987 0.99 0.281 0.102 0.034 0.791 0.093 0.051 0.061
AROB 0.886 0.981 0.99 0.289 0.119 0.055 0.801 0.11 0.068 0.084
PLHE 0.883 0.989 0.997 0.267 0.06 0 0.795 0.034 0 0
CABR 0.255 0.286 0.288 0.29 0.351 0.311 0.531 0.244 0.258 0.326
CAPE 0.947 0.073 0.082 0.082 0.08 0.263 0.478 0.198 0.637 0.535 0.635
RHPU 0.839 0 0 0.011 0 0.236 0.117 0.282 0.581 0.506 0.536
STTI 0.139 0.099 0.154
LISP 0.847 0.904 0.944 0.837 0.871
LOTH 0.748 0.771 0.822 0.838 0.815
ANGE 0.94 0.91 0.849 0.883 0.825
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We found many cases of “deviant” or “atypical” feeding behaviour such as small quan-
tities of insect remains present in 4% of faeces of frugivores and in 35% of faeces of necta-
rivores. We also found some seeds ingested by nectarivores (2%) and pollen ingested by
insectivores-nectarivores (54%, see table I). Consumption of insects by frugivores almost
exclusively concerned understorey species (Carollia brevicauda, Carollia perspicillata,
Rhinophylla pumilio and Sturnira tildae).
DISCUSSION
COMMUNITY STRUCTURE
Bat species show a strong vertical stratification. This stratification is evident when we
consider that 11 species captured in canopy have not been encountered in understorey. Con-
versely, 26 understorey species have never been captured in canopy. Other studies have
shown even stronger discrepancies between strata (Handley, 1967; Bernard, 2001; Kalko &
Handley, 2001). 
This study establishes a species richness of 67 bat species in the Nouragues primary
rainforest. Nevertheless, captures and identification of echolocation signals that have been
conducted at the Nouragues station since 1987 have revealed the existence of 76 species in
this area. Indeed, 13 other species have been contacted scarcely: Pteronotus gymnonotus,
P. personatus, Sturnira lilium, Anoura caudifera, Macrophyllum macrophyllum, Molossus
molossus, Molossops greenhalli, Molossops planirostris captured by nets, Diclidurus scu-
tatus captured in its roost (Brosset & Charles-Dominique, 1990; Cockle, 1997; Charles-
Dominique comm. pers.); Eptesicus furinalis, Peropteryx trinitatis, Rynchonycteris naso
identified by their echolocation signal (Leblanc, 2002). Although the estimator we used
seems to have underestimated species richness, nevertheless it predicted a higher asymptote
than other models (Moreno & Halffter, 2000).
The bat community under study shows interesting species abundance profiles which
reveal the importance of local factors in structuring communities. In understorey, the most
captured species are generally frugivores (Artibeus jamaicensis, Artibeus lituratus, Arti-
beus obscurus, Carollia brevicauda, Carollia perspicillata, Rhinophylla pumilio), as shown
by many documented studies in Northern Amazonia: French Guiana (Simmons & Voss,
1998; Cosson et al., 1999); Brazil (Reis & Peracchi, 1987; Bernard, 2001; Bernard et al.,
2001; Bernard & Fenton, 2002); Guyana (Lim & Engstrom, 2001); Mexico (Estrada & Coa-
tes-Estrada, 2001); Panama (Kalko et al., 1996a) or Central America (Handley et al., 1991).
Nectarivores never occupy any of the first four abundance ranks. Conversely, in our study,
the three most common nectarivorous bats (Anoura geoffroyi, Lionycteris spurrelli, Lon-
chophylla thomasi) occupied the four primary ranks together with the insectivore Pterono-
tus parnellii. Moreover, the species generally found as dominant in abundance are in our
case relegated to the 5th-14th ranks. The presence of caves in the northern part of our study
area is undoubtedly responsible for the bat community structure depicted by mist-net cap-
tures. Brosset & Charles-Dominique (1990) estimated that several thousands Anoura geof-
froyi, Pteronotus parnellii and Lionycteris spurrelli may roost in these caves. This merely
illustrates how the presence of particular roosting sites may influence the local bat commu-
nity profile. Similarly, particular human structures potentially accommodating large bat
colonies and abundance of pioneer plant species available in secondary forest, may explain
the abundance of some Artibeus and Carollia species in fragmented or altered habitat obser-
ved in most others studies (Reis & Peracchi, 1987; Brosset et al., 1996; Kalko et al., 1996a;
Simmons & Voss, 1998; Cosson et al., 1999; Estrada & Coates-Estrada, 2001; Bernard &
Fenton, 2002).
SPACE, TIME AND FOOD PARTITIONING
Our results show high niche overlap values for the exploitation of flower resource.
Heithaus et al. (1975) found similar results in Costa Rica and interpreted them as indicators
of superabundance of flower resource. A greater partitioning of fruit by bats suggests that
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competition for these resources may be stronger. Abundance and diversity of fruit resources
may in turn play a greater role in determining vegetarian bat species diversity than diversity
of pollen resources (Heithaus et al., 1975). 
We found evidences of space, time or food partitioning within each of the most com-
mon guilds. 
CANOPY FRUGIVORES
The main canopy frugivores (Artibeus jamaicensis, Artibeus lituratus, Artibeus obscu-
rus) had very high diet overlap values resulting from a poorly diversified diet (Cecropia
obtusa and Ficus spp. mainly). These species may tolerate high diet overlap since they feed
on abundant resources. Ficus species show asynchronous and massive fruiting events that
provide a high quantity of resource throughout the year, so canopy frugivores are conside-
red as not resource limited (Morrison 1978; Bonaccorso & Gush 1987; Kalko et al. 1996b).
Similarly, Cecropia obtusa fruits are produced during a long period of the year and bats
have been recorded to collect every night the entire ripe parts of infrutescences of fruiting
trees (Charles-Dominique 1986). Diet overlap is likely to represent species diet even if fae-
ces analyses did not include large-seeded fruits since bats usually drop the seeds after eating
the pulp, leaving no item for identification in their faeces. However, several large-seeded
fruits are known to be consumed by the three large Artibeus species (e. g. Parinari spp,
Couepia spp., Licania spp., Andira spp., Manilkara spp, Cariocar glabrum, Dipteryx odo-
rata) (Charles-Dominique, pers. obs.). 
In addition, species show numerous differences in foraging strategy that are likely to
reduce the potential high interspecific competition generated by an absence of food parti-
tioning. i) Artibeus obscurus appears to be more sedentary (as shown by its high recapture
rate) than Artibeus jamaicensis and Artibeus lituratus. ii) It exploits different habitats than
A. jamaicensis and A. lituratus. The latter species are basically restricted to creek corridors,
an uncluttered habitat ideal for penetrating and prospecting forest interior for such large
bats. On the contrary, A. obscurus has been found to exploit a wider range of habitats. Com-
pared to the other two Artibeus species, A. obscurus is smaller and is dotted with a higher
manoeuvrability (sensu Norberg & Rayner, 1987) as indicated by its higher forearm length/
body weight ratio. As a consequence, it can express greater aptitudes to fly and it can better
exploit the cluttered understorey than its competitors. iii) A. obscurus presents a first peak
activity at a time when its competitors are not foraging in the understorey but are more
likely foraging in groups on fruiting trees (Fleming, 1982; Handley et al., 1991). iv) A. obs-
curus roosts in small groups whereas A. jamaicensis individuals constitute large colonies
compatible with synchronized massive displacements towards fruiting trees at dusk (Fle-
ming, 1982; Handley et al., 1991). 
UNDERSTOREY FRUGIVORES
Contrary to canopy frugivores, the main understorey frugivores show low diet overlap
values (< 0.236) that indicate a high food partitioning. Rhinophylla pumilio is quasi specia-
lized on epiphyte fruits (Araceae, Cyclanthaceae) whereas Carollia perspicillata and
Carollia brevicauda primarily feed on fruits from Solanum and Piper species and only
occasionally on epiphytes (see also Cosson, 1994 and Cockle, 1997). In our study, the esti-
mated diet overlap between C. perspicillata and C. brevicauda is lower (0.351) than the
values found in other studies (Gorchov et al., 1995; Cockle, 1997). R. pumilio favours creek
corridors compared to forest interior, following the gradient of epiphyte abundance gene-
rally encountered in tropical forests (Cockle, 1997). However, its presence in forest edges
may reflect the research of pioneer shrub fruits, the main resource consumed by
C. perspicillata.
In addition to a food partitioning, we found that Carolliinae species showed different
nocturnal activity. 
Frugivorous bats exhibit different flight, and thus feeding activities. These differences
are likely to reduce interspecific interferences when food resources are abundant but pat-
—  163  — 
chily distributed (Bonaccorso, 1979). Reducing crowding at resource trees is likely an effi-
cient feeding strategy and it may also reduce the probability of detection by arboreal or
aerial predators (Humphrey & Bonaccorso, 1978).
NECTARIVORES
The three most abundant nectarivores express a very high diet overlap that could result
in a high interspecific competition. However, several factors are likely to reduce this poten-
tially high competition. Lonchophylla thomasi differs from Anoura geoffroyi and Lionycte-
ris spurrelli by i) its habitat preferences (it forages in liana forest while the others forage in
high forest), ii) its roosting habits (it roosts in hollow trees while the others roost in caves
(Simmons & Voss, 1998; Brosset et al., 2001), iii) its higher fidelity to foraging habitat (as
indicated by the high recapture rate) and iv) its diet which includes more insects than that
of its competitors. The relative importance of insects in its diet (61.3% of faeces) may result
from a combination of energetic constraints and competitive exclusion. Bats complement
their diet with insects, which are rich in protein (Gardner, 1977; Herrera et al., 2001).
L. thomasi also differs from the other two species by v) its exploitation of forest habitats.
Creek corridors may particularly attract A. geoffroyi and L. spurrelli because Eperua fal-
cata trees, which produce their main food resource, are more abundant along creeks (Riéra
& Joly, 1996). Although Eperua falcata also constitutes the core diet of L. thomasi, this bat
is more restricted to liana forest. It has a higher manoeuvrability than its competitors and is
associated with the most closed vegetation. It can therefore exploit a habitat which is less
attractive to its competitors. 
We have not found any evidence of a time partitioning between nectarivorous species.
However, our results show that these species tend to concentrate their activity in the early
period of the night. A similar pattern has been found for frugivorous bats (Marinho-Filho &
Sazima, 1989). This may be due to the fact that the quantity of favoured fruits or flowers
tends to decrease over the night. This pressure may have selected for a concentration of acti-
vity in the first hours of the night (Marinho-Filho & Sazima, 1989).
Our study confirms that rainforests house an important community of bat species. By
combining different methods (captures, habitat characterization, and faeces analyses), we
analysed in details the different factors that could explain species coexistence. Within a
guild, species exhibit numerous and complex differences in their diet composition, feeding
activities, foraging habits, type of habitats explored.
Given the crucial role of bats in the tropical rainforest ecosystem and the increasing
habitat degradation observed in tropical forests (Wilson, 1988; FAO, 1997), it is important
to provide a ‘reference’ picture of a non-disturbed bat community, in order to understand
the impact of disturbances on bat communities and to elaborate efficient conservation pro-
grams. 
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